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APPARATUS AND MEraOD OF CONVERTING IMAGE SIGNAL 
FOR SIX COLOR DISPLAY DEVICE, AND SIX COLOR DISPLAY DEVICE 
HAVING OPTIMUM SUBPDCEL ARRANGEMENT 

BACKGROUND OF THE INVENTION 
5 (a) Field of tiie Invention 

The present invention relates to apparatus and method of converting 
image signals for six color display device, and a six color display device having a 
optimum subpixel eirrangement 
. (b) Description of the Related Art 
10 Recently, flat panel displays such as orgeuiic light emitting displays, 

plasma display panels, and liquid crystal displays are widely developed. 

The Kquid crystal display (LCD) is a representative of the flat panel 
displays. The LCD includes a Uquid crystal (LQ panel assembly including two 
panels provided with two kinds of field generating electrodes such as pixel 
15 electrodes and a common electrode and a LC layer with dielectric anisotropy 
interposed therebetween. The variation of the voltage difference between ihe 
field generating electrodes, i.e., the variation in the strength of an electric field 
generated by the electrodes changes the transmittance of the light passing 
through the LCD, and thus desired images are obtained by controlling the 
20 voltage difference between the electrodes. 

The LCD includes a plurality of pixels including three sub-pixels 
representing red, green and blue colors. 

However, the three primary color system has a limit for some ranges of 
colors such as high concentration cyan. This may be overcome by using cyan as 
25 one of primary colors. However, the addition of cyan may decrease the 
luminance of the display device. In order to solve this problem, magenta and 
yeUow as well as cyan are added to primary colors to form a six primary color 
system. 
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However, the conventional six-color display device has a color 
fringe error that a color is recognized near edges of the small characters. In 
addition, the displayed images may have spots. 

Moreover, the luminance is required to be increased. 

5 SUMMARY OF THli INVENTION 

A motivation of the present invention is to solve the problems of the 
conventional tedmique. 

A method of converting image signals for a display device including 
sfac-color subpbcels is provided, which includes: classifying three-color input 
10 image signals into maximunv middle, and minimum; decomposing the classified 
signals into sbc-color components; determining a maximum among the six-color 
components; calculating a scaling factor; and extracting six-color output signals. 

The three-color signals may include red, green and blue signals and the 
six-color signals may include red, green, blue, cyan, magenta, and yellow signals. 
1 5 The decomposition may include: expressing a predetermined number of 

terms of coordinates with coefficients. 

The coefficients may include first to third coefficients expressed as the 
maximum, middle, and nunimum^ and the coordinates may be assigned to the. 
six-color signals. 

20 The six-color components may include a first term expressed as a 

multiplication of tixe first coefficient and first to sixth coordinates, a second term 
expressed as a multiplication of the second coefficient and the first, second, and 
sixth coordinates, and a third term expressed as a multiplication of the third 
.coefficient and the first coordinate. 

25 The six-color components may include a first term expressed as a 

multiplication of the first coefficient and first to sixth coordinates, a second term 
expressed as a multiplication of the second coefficient and the sixth coordinate, 
and a third term expressed as a multiplication of tiie ttiird coefficient and the first 
coordinate. 



wo 2005/050296 



PCT/KR2004/003020 



3 

The fiist to the third terms may be further decomposed into the 
first to sixth coordinates to be expressed as a multiplication of fourth to ninth 
coefficients and first to sixth coordinates. 

The calculation of the scaling factor may include: determining a 
5 maximum among the coefficients; and calculating a ratio of the maximum among 
the fourth to ninth coefficients and the maximum among the three-color signals 
to determine the seeding factor. 

The scaling factor may be equal to or larger than one. 

The extraction of the six-color signals may include: multiplying the 
1 0 scaling factor to the fourth to ninth coefficients. 

A device of converting image signals for a display device including 
six-color subpixels is provided, which includes: a signal controller converting 
three-color input signals into six-color output signals; a gray voltage generator 
generating a plurality of gray voltages; and a data driver converting into the 
15 six-color signals into data voltages selected among the gray voltages and 
supplying the data voltages to the subpixels, wherein the signal controller 
comprises: a magnitude comparator comparing the three-color signals; a 
decomposer decomposing the three-color signals into six-color components; a 
scaler calculating a scaling fector based on signals from the magnituded 
20 comparator and the decomposer; and a signal extractor multipl3dng the seeding 
fact to the six-color components. 

The three-color signals may include red, green and blue signals and the 
six-color signals may include red, green, blue, cyan, mageita, and yellow signals. 

The scaling fector may be defined as a ratio of the maximum among the 
25 six-color components and the maximum among the three-color signals. 

The signal extractor may obtain increments by multiplying the scaling 
factor to the six-color components. 

A display device is provided, which includes: a plurality of pixel 
arranged in matrix, each pixel including first and second sets of tiiree primary 



wo 2005/050296 



PCT/KR2004/003020 



4 

color subpixels, wherein the subpixels are arranges so that two subpixels 
having complementary relation is adjacent to each other. 

The subpbcels may be arranged in a 2x3 matrix or a 3x2 matrix. 

The first set of three primary color subpixels may be arranged in a row 
5 or a column, and the second set of three primary color subpixels may be 
arranged in a row or a coltimn. 

A subpbcel having the lowest luminance may be disposed at a side. 

Three subpixels having relatively high luminance may be distributed 
over different rows or coliimns. 
10 The three high-luminance subpbcels may be distributed over two rows 

or two columns. 

The three high-luminance subpbcels may be arranged symmetrically in a 
row or column direction. 

Two subpbcels having rdatively higji luminance may be arranged in a 

15 diagcmal. 

The first or the second set of three primary color subpixels may include 
a white subpixeL 

The first set of three primary color subpixels may include red, green and 
blue subpbcels, and the second set of three primary color subpbcels may indude 
20 cyan, magenta, and yellow subpixels. 

The first set of three primary color subpbcds may include red, green and 
blue subpbcels, and the second set of three primary color subpbcels may include 
cyan, white, and yellow subpixels. 

The subpixels may be arranged in a 2 x 3 matrix or a 3 x 2 matrix. 
25 The first set of three primary color subpbcels may be arranged in a row 

or a column, and the second set of three primary color subpbcels may be 
arranged in a row or a colimrn. 

The blue subpbcel may be disposed at a side and the green subpbcel may 
be disposed at a center. 
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The greeiv cj^an, and yellow subpixds may have luminance higgler 
than other subpixels. 

The green subpixel may be disposed at a side. 

The green and yellow subpixels may have luminance higher than other 
5 subpixels, 

BRIEF DESCRI PnON OF THE DRAWINGS 
The present invention will become more apparent by describing 
embodiments ttiereof in detail with reference to the accompanying drawing in 
which: 

10 Fig. 1 is a block diagram of an LCD according to an embodiment of the 

present invention^ and Fig. 2 is an equivalent dicuit diagram of a subpixel of an 
LCD according to an embodiment of the present inyention. 

Fig. 3 is a flow chart illustrating the conversion of the image signals; 

Fig. 4 illustrates die conversion according to an embodiment of the 
1 5 present invention. 

Fig. 5 is a block diagram of a signal modifier according to an 
embodiment of Ihe present invention, which may be integrated in the signal 
controller 600 shown in Fig. 1 or implemented as a stand-alone device. 

Fig. 6 shows arrangements of six six-color subpixels of an LCD 
20 according to embodiments of the present inventioru 

Figs. 7 and 10 illustrate oblique lines displayed by the subpixel 
arrangement shown in (a) of Fig. 6, and Figs. 8, 9 and 11 illustrate oblique lines 
displayed by the subpixel arrangement shown in (b) of Fig. 6. 

Figs. 12 and 13 show subpixel arrangements modified from those shown 
25 in (a) and (b) of Fig. 6, respectively. 

Fig. 14 shows subpixel arrangements according to other embodiments of 
the present invention. 

Figs. 15 and 16 illustrate oblique lines displayed by the subpixel 
arrangement shown in (a) and (b) of Fig. 14. 
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HFT AILED PFfirRiTPION OF THE PREFERRED EMBODIMENTS 

The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings/ in which embodiments of the invention 
are shown. 

5 In the drawings, the thickness of layers and regions are exaggerated for 

darity. like nimierals refer to like elements throughout It will be understood 
that when an element such as a layer, region or substrate is referred to as being 
"on" another element it can be direcfly on the other element or intervening 
elements may also be present In contrast, when an element is referred to as 
1 0 being "direcfly on" another element, there are no intervening elements present 

Fig. 1 is a block diagram of an LCD according to an embodiment of the 
present invention, and Fig. 2 is an equivalent circuit diagram of a subpfacel of an 
LCD according to an embodiment of the present invention. 

Referring to Fig. 1, an LCD according to an embodiment includes a IC 
15 panel assembly 300, a gate driver 400 and a data driver 500 fliat are connected to 
the panel assembly 300, a gray voltage generator 800 coimected to tiie data driver 
500, and a signal controller 600 controlling the above elements. 

Referring to Fig. 1, the panel assembly 300 includes a plurality of 
display signal lines Gi-Gn and Di-Dm and a pluraKty of subpbcels connected 
20 thereto and arranged substantiLally in a matrix. In a structural view diown in 
Fig, 2, the panel assembly 300 includes lower and upper panels 100 and 200 and a 
LC layer 3 interposed therebetween. 

The display signal lines Gi-Gn and Di-Dm are disposed on the lower 
panel 100 and include a plurality of gate lines Gi-Gn transmitting gate signals 
25 (also referred to as "scanning signals"), and a plurality of date lines Di-Dm 
transmitting date signals. The gate lines d-Gn extend substantially in a row 
dkection and substantially parallel to each other, while the date lines Di-Dm 
©ctend substantially in a column direction and substantially parallel to each 
other. 
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Each subpixel includes a switching element Q connected to the 
signal lines Gi-Gn and Di-Dm; and a LC capacitor Cue and a storage capacitor Cst 
that are connected to the switching element Q. If unnecessary/ the storage 
capacitor Cst tnay be omitted. 
5 The switching element Q including a TFT is provided on the lower 

panel 100 and has three terminals: a control terminal connected to one of the gate 
lines Gi-Grv an input terminal connected to one of the data lines Di-Dm; and an 
output terminal coxmected to both the LC capacitor dc and the storage capacitor 
Cst. 

10 The LC capacitor Clc includes a pixel electrode 190 provided on the 

lower panel 100 and a common electrode 270 provided on an upper panel 200 as 
two terminals. The LC layer 3 disposed between the two electrodes 190 and 270 
functions as dielectric of the LC capacitor Clc. The pixel electrode . 190 is 
connected to the switching element and the common electrode 270 is supplied 

1 5 with a common voltage Vcom and covers an entire surface of the upper panel 200. 
Unlike Fig. 2, the common electrode 270 may be provided on the lower panel 100, 
and both electrodes 190 and 270 may have shapes of bars or stripes. 

The storage capacitor Cst is an auxiliary capacitor for die LC capacitor 
Cic- The storage capacitor Csr includes the pixel electrode 190 and a separate 

20 signal line, which is provided on the lower panel 100, overlaps the pixel electrode 
190 via an insulator, and is supplied with a predetermined voltage such as the 
common voltage Vcom. Alternatively, the storage capacitor Csr includes the 
pixel electrode 190 and an a<^acent gate line called a previous gate line, which 
overlaps the pixel electrode 190 via an insulator. 

25 For color display, each subpixel uniquely represents one of primary 

colors (ie., spatial division) or each subpixel sequentially represents the primary 
colors in turn (i.e., temporal division) such that spatial or temporal sum of the 
primary colors are recognized as a desired color. Fig. 2 shows an example of the 
spatial division that each subpixel includes a color filter 230 representing one of 

30 the primary colors in an area of flie upper panel 200 facing the pixel electrode 190. 
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Alternatively, the color fflter 230 is provided on or imder the pixel 
electrode 190 on the lower panel 100. 

An example of a set of tiie prirnary colors includes red, green, and blue 
colors or complementary colors thereof, ie., cyan, magenta, and yeUow colors. 
5 The above-described six colors is referred to as sb< primary colors 

hereinafter, and red, green and blue colors are referred to as first iiuree primary 
colors, while cyan, magenta, and yellow colors are referred to as second three 
primary colors. The six primary colors preferably satisfy the positions at die 
color coordinates defined by TABLE 1. 

10 Z4SL11 



Red 


Red, Reddish-Orange 


Green 


Green 


Blue 


Blue, Purplish Blue, Bluish-Purple 


Cyan 


Bluish-Green, Bhie-Green, Greenish Blue 


Magenta 


Red-Purple, Reddish-Purple, Purplish-Pink, Reddish-Purple, Purple 


YeUow 


Yellow, Orange, Yellowish-Orange, Greenish-Yellow, Yellow-Green 



TABLE 1 is quoted from Billmeyer and Saltzman, Principles of Color 
Technology, 2nd Ed., John Wiley & Sons, Inc., pp.50. 

One or more polarizers (not shown) are attached to at least one of the 

1 5 panels 100 and 200. 

Referring to Fig. 1 agaiiv the gray voltage generator 800 generates two 
sets of a plurality of gray voltages related to the transmittance of the subpixels. 
The gray voltages in one set have a positive polarity with respect to the common 
voltage Vcom^ while those in the other set have a negative polarity with respect 

20 to the common voltage Vcom, 

The gate driver 400 is connected to the gate lines Gi-Gn of the panel 
assembly 300 and synthesizes the gate-on voltage Von and the gate-off voltage 
Voff from an external device to generate gate signals for application to the gate 
lines Gi-Gn. 
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The data driver 500 is coimected to the data lines Di-Dm of the 
panel assembly 300 and applies data voltages, which are selected from the gray 
voltages supplied from the gray voltage generator 800, to the data lines Di-Dm. 

The drivers 400 and 500 may include at least one integrated circuit (IC) 
5 chip motmted on the pemel assembly 300 or on a flexible printed circuit (FPQ 
film in a tape carrier package (TCP) tj^e, which are attached to the LC panel 
assembly 300. Alternately, the drivers 400 and 500 may be integrated into the 
panel assembly 300 along with the display signal lines Gi-Gn and Di-Dm and the 
TFT switching elements Q. 
10 The signal controller 600 controls the gate driver 400 and the gate driver 

500. 

Now, the operation of the above-described LCD wiU. be described in 

detail. 

The signal controller 600 is supplied with input 1hree<:olor image 
15 signals R, G and B and input control signals controlling the display thereof such 
as a vertical sjmchronization signal Vsjmc, a horizontal S3n:ichroruzation signal 
Hsync, a main dock MCLK, and a data enable signal DE, from an external 
graphics controller (not shown). After generating gate control signals CONTl 
and data control signals CONT2 and converting and processing the input image 
20 signals R, G and B into six-color image signals R', G, B', C, M and Y suitable for 
the operation of the panel assembly 300 on the basis of the input control signals 
and the input image signals R^ G and B, the signal controller 600 transmits the 
gate control signals CONTl to the gate driver 400, and the processed image 
signals R', G", F, C, M and Y and tiie data control signals CONT2 to llie data 
25 driver 500. 

The gate control signals CONTl include a scanning start signal STV for 
instructing to start scanning and at least a dock signal for controlling the output 
time of the gate-on voltage Von. The gate control signals CONTl may further 
indude an output enable signal OB for defining the duration of the gate-on 
30 voltage Von. 
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The data control signak CONT2 indude a horizontal 
synchronization start signal STH for infonning of start of data transmissian for a 
group of subpixels, a load signal LOAD for instructing to apply the data voltages 
to the data lines Di-D«, and a data clock signal HCLK. The data control signal 
5 CONT2 may further indude an inversion signal RVS for reversing the polarity of 
the data voltages (with respect to the common voltage Vcom). 

Responsive to the data control signals CONT2 from the signal controller 
600, flie data driver 500 receives a packet of the image data R', G', B', C, M and Y 
for the group of subpixels from the signal controller 600, converts the image data 
10 R*, G', B', C, M and Y into analog data voltages sdected from the gray voltages 
supplied from the gray voltage generator 800, and appUes tiie data voltages to 

the data lines Di-Dm. 

The gate driver 400 applies the gate-on voltage Von to the gate line 
Gi-Gn in response to tiie gate control signals CONTl from the signal controller 

15 600, thereby turning on the switdiing eletnents Q connected tiiereto. The data 
voltages appUed to tiie data lines Di-Dm are supplied to the subpixels through the 
activated switdiing dements Q. 

The difference between the data voltage and the common voltage Vcom 
is represented as a voltage across the LC capadtor Clc whidi is referred to as a 

20 subpixd voltage. The LC molecules in the LC capadtor Clc have orientations 
depending on the magnitude of the subpbcd voltage, and the molecular 
orientations determine the polarization of light passing flmmgh the LC layer 3. 
The polarizer(s) converts the light polarization into the light transmittance. 

By repeating this procedure by a unit of the htxrizontal period (which is 

25 denoted by "IH" and equal to one period of the horizontal syndironization 
signal Hsync and the data enable signal DE), all gate lines Gi-Gn are sequentially 
supplied with the gate-on voltage Von during a frame, thereby applying tiie data 
voltages to all subpbcels. When the next frame starts after finishing one frame, 
the inversion control signal RVS appUed to the data driver 500 is controlled such 
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that the polarity of the data voltages is reversed (which is referred to as 
"frame inversion"). The inversion control signal RVS may be also controlled 
such that the polarity of the data voltages flowing in a data line in one frame are 
reversed (for example, line inversion and dot inversion), or the polarity of the 
5 data voltages in one packet are reversed (for example, colimm inversion and dot 
inversion). 

Now, methods and devices of converting image signals according 
embodiments of the present invention will be described in detail. 

First, methods of converting image signals are described in detail. 

10 Hereinafter, image signals representing white, red, green, blue, cyan, 

magenta, and yellow colors are referred to as white, red, green, blue, cyan, 
magenta, and yellow signals and denoted by W, R, G, B, C, M, and Y. 

The signal conversion converts a set of three input signals representing 
one of the second three primary colors (referred to as a target color) into a set of 

15 six output signals also representing the target color. Here, two conversion 
methods are suggested, a mixed color method and a pure color method. The 
pure color method represents any one of the second three primary colors only 
with flie corresponding color signal, while the mixed color method represents the 
color with the corresponding color signal and other two of the first three primary 

20 color signals. In other words, the pure color method makes the five output 
signals zero other than the output color signal representing the target color, while 
the mixed color method makes other two of the first primary color signals 
nonzero. 

TABLE 2 illustrates the two conversion methods for 8-bit image signals 
2 5 representing 256 grays. 





input 


mixed 


pure 


R 


G 


B 


R 


G 


B 


C 


M 


Y 


R 


G 


B 


C 


M 


Y 


WHITE 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


RED 


255 


0 


0 


255 


0 


0 


0 


0 


0 


255 


0 


0 


0 


0 


0 
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GREEN 


0 


255 


0 


0 


255 


0 


0 


0 


0 


0 


255 


0 


0 


0 


0 


BLUE 


0 


0 


255 


0 


0 


255. 


0 


0 


0 


0 


0 


255 


0 


0 


0 


CYAN 


0 


255 


255 


0 


255 


255 


255 


0 


0 


0 


0 


0 


255 


0 


0 


MAGEN 
TA 


255 


0 


255 


255 


0 


255 


0 


255 


0 


0 


0 


0 


0 


255 


0 


YELLOW 


255 


255 


0 


255 


255 


0 


0 


0 


255 


0 


0 


0 


0 


0 


255 



The first coltunn indicates colors represented by image signals, the 
second colunm indicates grays of input signals, the third column indicates grays 
of output signals in the mixed color method, and the fourth column indicates 
5 grays of output signals in the pure color method. 

It is noted in TABLE 2 that white color is represented by using all of six 
nonzero output signals for increasing the luminance. 

Now, the mixed color method and the pure color method according to 
embodiments of the present invention will be described in detail with reference 
10 to Fig. 3. 

Fig. 3 is a flow diart illustrating the conversion of the image signals. 

First, the mixed color method is described in detail (401). 

A set of fiiree input color signals are inputted and classified into three 
level, maximum Mx, middle Md, and minimum Mn depending on their relative 
1 5 values or relative luminance represented by the signals (402). 

The classified signals are then decomposed into six color components 
(403), which is illustrated in Fig. 4. 

Referring to Fig. 4, the first three primary color signals R, G and B are 
represented as axes of the three dimensional color coordinates. For example, x, 
20 y, and z axes represent red, green, and blue signals R, G and B and the values of 
the signals are normalized. The cyan, magenta, and yellow signals C, M and Y 
have a zero component and two nonzero components having equal values. 

In other words, a cyan signal C is made by adding a green signal G and 
a blue signal G such that it is complementary to the red color signal R, and it is 
25 represented by a coordinate (0, c, c). Similarly, magenta and yellow signals M 
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and Y are represented by coordinates (m, 0, m) and (y, y, 0), respectively, 
and complementary to the green signal G and ttie blue signal B, respectively. 
Here, the complementary relation of two colors means that the addition of the 
two colors can resxilt in white color. In Fig. 4, the coordinates of the white signal 
5 W are (w, w) and thus two color signals in a complementary relation can be 
added to generate white color. 

The set of the input signals R, G and B represent a point (Mx, Md, Mn) 
in a color coordinate system like that shown in Fig. 5. 
Extraction of ihe minimum Mn yields: 
10 (Mx,Md,Mn) 

= (Mn, Mn, Mn) + (Mx- Mn, Md- Mn, 0) 
= (Mn, Mn, Mn) + (Md - Mn, Md - Mn, 0) + (Mx - Md, 0, 0) 
= Mn(l, 1, 1) + (Md r Mn)(l, 1, 0)+(Mx - Md)(l, 0, 0). 
(a) 

15 Cozisideringihe six color ax}rdinates. Equation (a) is rewritten: 

(Mx,Md,Mn) 

= (Mn/3)[(1, 0, 0) + (a 1, 0) + {0, 0, 1) + (0, 1, 1) + (1, 0, 1) + (1/ 1/ 

0) ]+[(Md - Mh)/2][(1, 0, 0) + (0, 1, 0) + (1, 1, 0)]+(Mx - Md)(l, 0, 0) 

(b) 

20 Therefore, 

(MxrMd^Mn) 

= (Mx - Md/2 - Mn/6)(1, 0, 0)+(Md/2 - Mn/6)(0, 1, 0)+(Mn/3)(0, 0, 

1) +(Mn/3)(0, 1, l)+(Mh/3)(l, 0, l)+(Md/2 - Mh/6)(1, 1, 0). 

(c) 

25 Equation (c) includes three coefficients^ Le., (Mx - Md/2 - Mn/6), (Md/2 

- Mh/6), (Mn/3) and a maximiun (x>efficient is determined (404). 

For this purpose, the differences between the coefficients are calculated 
as follows: 

(Mx - Md/2 -Mn/6)- (Md/2) = Mx-Md ^ 0,and 
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(Md/2 - Mii/6) - (Mn/3)=(Md-Mn)/2 ^ 0. 

Accordingly, it is detennined that the coefficient of (1, 0, 0), i.e./ (Mx - 
Md/2 - Mn/6) is the maximum. 

Next, a scaling factor is calculated (405). 
5 The scaling factor SI is given by a ratio of the maximum Mx of the input 

three-color signals to the maximum (Mx - Md/2 - Mn/6) of the above-calculated 
six color components. 

SI - Mx/ (Mx - Md/ 2 - Mn/ 6) 

(1) 

10 Equation 1 shows that the scaling factor SI is equal to or larger than one. 

Equation 1 is established considering the adjustment of the maximum 
value of output sbc color signals. The scaling factor is multipHed to the 
coefficients obtained by Equation to obtain increments. The multiplication of 
the scaling factor conserves the order of the values of the image signals. The 
1 5 multiplicatiQn yields: 

Mx' = Sl(Mx -Md/2-Mn/6); 
Md'*Sl(Md/2.Mn/6); 
MnV=Sl(Mn/3); 
cMx'=Sl(Mn/3); 
20 cMd» « Sl(Mn/3); and 

cMn' = Sl(Md/2 - Mn/6), 
(2) 

where Mx', Md' and Mn' denote maximum, middle, and minimum values after 
the multipKcation, respectively, and cMx', cMd' and cMn' denote ttie signals 
25 having a complementary relation to maximum, middle, and minimum signals. 
Equation 2 is rewritten as follows: 

Mx' = Mx 

Md' == (3Md - Mn)xMx/(6Mx - 3Md - Mn) 
Mn' = 2MnxMx/(6Mx - 3Md - Mn) 
30 cMx' '= 2MtaxMx/(6Mx - 3Md - Mn) 
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cMd' = 2MnxMx/(6Mx - 3Md - Mn) 
cMn' = (3Md - Mn)xMx/(6Mx - 3Md - Mn) 
(3) 

Equation 3 tells that the maximum, the middle, and the minimum input 
5 image signals R, G and 6 keeps their order the values and thus the output signals 

for second primary colors are also determined. Accordingly, the six color 

output signals are determined. 

Next, the pure color method will be described in detail. 
Like Equation (a), 
10 (Mx,Md,Mn) 

= (Mn, Mn, Mn) + (Mx - Mn, Md - Mn, 0) 

= (Mn, Mn, Mn) + (Md - Mn, Md - Mn, 0) + (Mx - Md, 0, 0) 

= Mn(l, 1, 1) + (Md . Mn)(l, 1, 0)+(Mx - Md)(l, 0, 0). 

(d) 

15 Equationisiewxitten like Equation (b): 

(Mx,Md,Mh) 

= (Mh/3)[(1, 0, 0) + (0, 1, 0) + (0, 0, 1) + (0, 1, 1) + (1. 0, 1) + (1, 1, 0)]+(Md 
- Mn)(l, 1, 0) + (Mx - Md)(l, 0, 0). 
(e) 

20 It is noted that the coefficient for the second term (1, 1, 0) is different 

from that in Equation (b). That is, the second term in Equation (d) indudes no 
coefficient for (1, 0, 0) and (0, 1, 0) for remaining only a signal for pure second 
primary color, and thus ttie coefficient for (1, 1, 0) is altered. 

Equation (e) is rewritten with respect to the colors to .yield: 
25 (M9^Md,Mh) 

= (Mx - Md + Mn/3)(1, 0, 0)+(Mn/3)(0, 1, 0)+(Mn/3)(0, 0, l)+(Mn/3)(0, 
1, l)+(Mn/3)(l, 0, l)+(Md - Mn + Mn/3)(1, 1, 0) 
(f) 

Among the three coefficients (Mx - Md + Mn/3), (Md - Mn + Mn/3), 
30 and (Mn/3), the coefficient Mn/3 is the minimum and the larger one of the 
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. coefficients (Mx - Md + Mn/3) and (Md - Mn + Mn/3) depends on flie 
values Mx, Md and Mn. 

When (Mx - Md + (Md - Mn + Mn/3), the scaling factor S2 is 

determined by the same rule as that related to the mixed color method. That is, 
5 the scaling factor is a ratio of the maximum Mx of the input three-color signals to 
the maximum / (Mx - Md + Mn/3) of the above-calculated six color components: 
S2 = Mx/(Mx - Md + Mn/3) 
(4) 

The multpKcation of the scaling factor S2 to the coefficients yield the 
10 output values as follows: 
Mx" = Mx 

Md" = 3MnxMx/(3Nfcc - 3Md + Mn) 
Mn"= 3MnxMx/(3Mx - 3Md + Mn) 
cMx"" 3MnxMx/(3Mx - 3Md + Mn) 
1 5 cMd"" 3MnxMx/(3Mx - 3Md + Mn) 

cMn"= (3Mn - 2Mn)xMx/(3Mx - 3Md + Mn) 
(5) 

When (Mx - Md + Mn/3) < (Md - Mn + Mh/3), the scaling factor S3 is 
also given by a ratio of the maximum 1^ of tiie input three-color ^gnals to the 
20 maximum (Md-Mn + ^fe/3) of tiiedKwe<alculatedsbc color componmts: 
S3 = Mx/(Md - Mn + Mn/3). 
(6) 

The six color components are calculated 

Mx3 = (3Mx - 3Md + Mn)x\fcc/pMd - 2Mn); 
25 Md3 = 3MnxMx/(3Md-2Mn); 

Mrf = 3Mni>:Mx/ (3Md - 2Mn); 

cMx3 = 3MnxMx/(3Md - 2Mn); 

cMd3 = 3MnxMx/(3Md - 2Mn); and 

cMn3 = Mx. 
30 (7) 
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. Since the mixed color method displays cyan by xising green and blue 
signals G and B as well as a cyan signal Q the displayed cyan color has 
luminance higher than that displayed using the pure color method. On the 
contrary, the pure color method displays a cyan color having higher chroma than 
the mixed color method since it uses only a cyan signal 

Now, a signal modifier for six color rendering according to an 
embodiment of the present invention will be described iii detail with reference to 
Fig. 5. 

Fig. 5 is a block diagram of a signal modifier according to an 
embodiment of tiie present invention, which may be integrated in the signal 
controller 600 shown in Fig. 1 or implemented as a stand-alone device. 

Referring to Fig. 5, a signal modifier according to this embodiment 
includes a magnitude comparator 601, a decomposer 602, a scaler 603, and a 
signal extractor 604. 

The magnitude comparator 601 compares the magnitudes (or grays) of 
image signals in a set of three three-color input signals, which indude a red 
signal R, a green signal, and a blue signal B, and classifies each signal into the 
highest one (Mx), the middle one (Md), and the lowest one (Mn). 

The decomposer 602 decomposes the set of the three-color input signals 
from the magnitude comparator 60 into a set of six six-color signal components. 

The scaler 603 compares the six-color signal components from the 
decomposer 602 and determines the highest one among the six components. 
Thereafter, the scaler 603 calculates a scaling factor given by the ratio of the 
higjhest one (Mx) of the three input signals to the highest six-color component 
and calculates increments for die six-color components by multiplying the 
scaling factor to the six-color components. 

The signal extractor 604 extracts six six-color output signals 
representing red, green, blue, cyan, magenta, and yellow colors based on the 
calculated increments from the scaler 603. 
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Now, arrangements of six-color subpixels on the panel 
assembly according to embodiments of the present invention will be described in 
detail with reference to Figs. 6-16. 

Hereinafter, a subpbcel is referred to as red, green, blue, cyan, magenta, 
5 and yellow subpbcel depending on the color represented by the subpbcel and the 
red, green, blue, cyan, magenta, and yeUow subpbcels are denoted by reference 
characters R, G, B, C, M, and Y, respectively, which also denote the image signals 
for the colors. 

Fig. 6 shows arrangements of six six-color subpbcels of an LCD 
10 according to embodiments of the present invention. It is noted that a set of red, 
green, blue, cyan, magenta, and yeUow subpixels form a pbcel that is a basic unit 
for displaying an image. 

Referring to Fig. 6, the subpixels forming a pbcel are arranged in a 2x3 
matrix that includes a first row including red, green and blue subpixels R, G, and 
15 B and a second row including cyan, magenta, and yellow subpbcels C, M and Y. 
The 2x3 matrix is approximately square and eacli subpixel may have a ratio in 
length of transverse to longitudinal edges equal to about 2:3. 

The subpixels R, G, B, C, M and Y are arranged such that two 
complementary colors are adjacent to each other. That is, each pair of the red 
20 and the cyan subpbcels R and C, the green and the magenta subpbcels G and M, 
and the blue and the yellow subpbcels B and Y, which have a complementary 
relation^ are a^acent to each other. Accordingly, the addition of the three colors 
represented by the subpbcels in any row and the addition of the two colors 
represented by the subpixels in any column row yield an acfhromatic color. 
25 Disposed at centers in the two rows are the green and the magenta 

subpbcels G and M shown in (a) , the red and the cyan subpbcels R and C shown 
in (b), and the blue and the yellow subpbcels B and Y shown in (c). 

These arrangements prevent color error that a color is recognized near 
transverse and longitudinal edges of a character displayed on an LCD, whidi 
30 will be described in detail 
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Some experiments were conducted for proving the . 
appropriateness of the subpixel arrangements. 

The experiments obtained giant six-color subpixds using a conventional 
three-color LCD, each giant subpixel having the same size as a pixel including 
5 three original subpixels. For example, a giant red, green, or blue subpixel was 
realized by activating a subpixel representing a color corresponding thereto and 
inactivating other two subpixels to be dark. Similarly, a giant cyan, magenta, or 
yellow subpixel was realized by inactivating a subpixel representing a color 
complementary thereto and activating remaining two subpixels. The six giant 

10 subpixels form a giant pixel and the giant subpixels and die giant pixels will be 
merely referred to as subpixels and pbcels tmless it causes coiifusion. 

To arrange the subpixels in order of the luminance, it was the yellow 
subpixel Y, the cyan subpixel C, the green subpixel G, the red subpixel E, the 
magenta subpixel M, and the blue subpixel B. 

15 In addition, two cyan subpixels C having different luminance was 

manufactured and the lower one was one thirds of the luminance of the green 
subpixel G. A C3^an subpixel having higher luminance vdll be referred to as a 
brighter cyan subpixel, while that having lower luminance will be referred to as a 
darker cyan subpixeL The different luminance of the cyan subpixel C was 

20 resulted from the different techniques for implementing a cyan color filter, one 
providing a single filter layer passing cyan light while the other providing two 
filter layers respectively passing green and blue lights. The latter generated 
higher luminaru:e than the former. 

First, a white longitudinal line having a width substantially equal to the 

25 width of a pixel was displayed on a dark background for various subpixel 
arrangements including those shown in Fig. 6. The arrangements shown in Fig. 
6, where the addition of the colors in each row make an achromatic color and 
adjacent two colors in each column have a complementary relation, showed a 
clean edge of the white line, while other arrangements showed a color near the 

30 edges of the white line. 
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Next, white obUque lines were displayed on a dark background 
for the arrangements shown in Fig. 6. Hie oblique lines had a .widlh 
substantially equal to the width of a pixel and had opposite . gradients, one 
having positive gradient to extend from the lower left to the upper right or vice 
versa (referred to as "positive line" hereinafter) and the other having negative 
gradient to extend from the upper left to the lower right (referred to as "negative 
line" hereinafter).. The inclination angle of the obUque lines was about 45 



In this experiment, a green dot was observed at an upper portion of the 
10 positive line for the arrangement shown in (c). 

When employing a brighter cyan subpbcel, the two obUque lines for the 
arrangement shown in (c) was observed to have sUghtly different widths, but it is 
not an eyesore. On the other hand, the arrangement shown in (a) exhibited no 
such a thing. 

1 5 When employing a darker cyan subpucd, the two obHque lines for the 

arrangement shown in (c) was also observed to have sUghtiy different widths, 

but it is also not an eyesore. The obKque lines for tiie arrangement shown in (a) 

were observed to smoothly proceed, but those for the arrangement shown in (a) 

were observed not to be continuous. 
20 Fiiiany, picture images displayed by the arrangernents shown in (a) and 

(b) of Fig. 6 were observed to be excellent 

The above-described experimental results will be analyzed in detail 

with refererice to Rgs. 7-11. 

Figs. 7 and 10 illustrate oblique lines displayed by the subpucd 
25 arrangement shown in (a) of Fig. 6, and Figs. 8, 9 and 11 iJlusbrate obUque lines 
displayed by the subpixel arrar^pment shown in (b) of Fig. 6. 

First, it is noted that human eyes may recognize a pattern determined 
by the luminance of the subpixds when displaying a strai^t Une or a drde. 

The arrangement shown in (c) of Fig. 6 may separate outer colors with 
30 respect to the blue subpixel B disposed at the center since the blue subpixel B has 
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the lowest luminance. In partiailar, when displaying a positive line^ llie 
darkest/ bhie subpixel B and the next darkest magenta subpixel M are arranged 
in parallel to the oblique line, and thus a dark band formed by the darkest 
subpixels B and M separates the green subpixel G disposed at an upper left 
5 position from the yellow, cyan^ and red subpixels Y, C and R. Accordingly, the 
yellow, cyan, and red subpixels Y, C and R may be recognized as portions of the 
oblique line, while the green subpixel G may be separated to be recognized as a 
green spot This is applicable for both brighter and darker cyan subpixels C, 
Next, a case employing a brighter cyan subpixel will be described. 

10 Referring to Fig. 7, the arrangement shown in (a) of Fig. 6 symmetrically 

arranges three brightest subpixels, i.e., green, cyan, and yellow subpixels G, C 
and Y, which are enclosed by circles. Accordingly, the width of the positive line, 
which is determined by the green and the yellow subpixels G and Y as denoted 
by a reference numeral 41, is almost equal to the width of the negative line that is 

15 determined by the green and the cyan subpixels G and C as denoted by a 
reference niuneral 42. 

On the cpntrar/, the greexv cyan, and yellow subpixels G, C and Y in the 
arrangemient shown in (b) of Fig. 6 are obliquely arranged as shown in Fig. 8. 
Therefore, the width of the positive line, which is determined by tiie green and 

2 0 yellow subpixels G and Y as denoted by a reference numeral 43, is larger than the 
width of the negative line that is determined by tiie cyan and yellow subpixels C 
and Y as denoted by a reference numeral 44. 

Next, it will be described a case that the qran subpixel C has a 
luminance one thirds of the luminance of the green subpixel G, which is disposed 

25 between the luminance of the red subpixel R and the luminance of the magenta 
subpixel M. 

Referring to Fig. 9, since the cyan subpixel C is not a brightest subpixel 
any more, the width 46 of the negative line is determined by the green and 
yellow subpixels G and Y to be reduced compared with that shown in Fig. 8. 
30 Figs. 10 and 11 show two pixels arranged along a negative line. 
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Referring to Fig. 10, a straight line passing through the centers of the 
green subpixel G and ihe yellow subpixel Y in the arrangement shown in (a) of 
Fig. 6 is somewhat offset from a 4EKdegree negative oblique line. ThCTefbre, the 
connection of the centers of the green and yellow subpbcels G and Y may not 
5 form a perfecdy straight line and thus a displayed oblique line may appear 
coarse. 

However, a straight line passing through the centers of the green 
subpixel G and the yellow subpbcel Y in the arrangement shown in (b) of Fig. 6 is 
nearly a 45-degree negative oblique line as shown in Fig. 11. Therefore, the 
10 connection of the centers of the green and yellow subpixels G and Y may have a 
smooth profile. 

Figs. 12 and 13 show subpixel arrangements modified firom those shown 
in (a) and (b) of Fig. 6, respectively. 

Referring to Figs. 12 and 13, a set of first primary color subpbcels, i.e., 
15 red, green, and blue subpbcels R,G, and Bare disposed in a row or a column, and 
thus a set of second primary color subpixels, Le., cyan, magenta, and yellow 
subpbcels C M Mid Y are disposed in a row or a column. In addition, the 
subpbcels having a complementary relation are disposed adjacent to each other. 

The arrangements shown in Fig. 12 place ihe green subpbcel G at the 
20 center, while it places the cyan and yellow subpbcels C and Y at the sides. 

The arrangements shown in (a) to (d) have shape of 2x3 matrix that 
includes a first row including the first primary color subpbcels and a second row 
including the second primary color subpixels as shown in (a) and (b) or indudes 
first row including the second primary color subpbcels and a second row 
25 including the first primary color subpixels as shown in (c) and (d). The 
arrangements shown in (a) and (c) place the red and cyan subpbcels R and C at 
the left side, which those shown in (b) and (d) place the red and cyan subpbcels R 
and C at the right ride. 

The arrangements shown in (e) to ^) are transposes of the arrangements 

30 shownin (a) to (d) in terms of matrix. 
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The airangements shown in Fig. 13 place the green subpixd G and 
the yellow subpixel Y in a diagonal. 

The airangements shown in (a) to (d) have shape of 2x3 matrix, tliat 
includes a first row including the first primary color subpixels and a second row 
5 including the second primary color subpixels as shown in (a) and (b) or includes 
first row including the second primary color subpixels and a second row 
including the first primary color subpixels as shown in (c) and (d). The 
arrangements shown in (a) and (c) place the green subpixel G at the left side, 
which those shown in (b) and (d) place the green subpixel G at the right ride. 
10 The arrangements shown in (e) to (h) are transposes of the arrangements 

shown in (a) to (d) in terms of matrix. 

The magenta subpixel may be substituted with a white subpixel for 
increasing the ltmnir\ance, which will be described in detaiL 

Describing the reason why the magenta is replaced, red, green and blue 
15 are primary colors of light and very significant for the color range and the color 
representation, cyan color is dominantly contribute to the expansion of the color 
range, and yellow is the most sensitive color to human eyes, thereby making 
domirumt effect on the visibility. 

Fig. 14 shows subpixel arrangements according to other embodiments of 
20 the present invention. 

Referring to Fig. 14, the subpixels forming a pixel are arranged in a 2x3 
matrix that includes a first row including red, green and blue subpixels R, G, and 
B and a second row including cyaiv white, and yellow subpixels C, W and Y. 
The 2x3 matrix is approximately square and each subpixel may be square. 
25 The subpixels R, B, C, and Y are arranged such that two complementary 

colors are adjacent to each other. That is, each pair of the red and the cjran 
subpixels R and C and the blue and the yellow subpixels B and Y, which have a 
complementary relation, are adjacent to each other. In addition> the green and 
the white subpixels G and W are adjacent to each other although they are not 
30 complementary. 
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The blue and yellow subpixels B and Y are disposed at the 

sides in the two rows for all the arrangements shown in (a) to (d). The green 

and the white subpixels G and W axe disposed at the center in (a) and (c), while 

they are disposed at the right in (b) and (d). 
5 Some experiments txsing giant subpixels were conducted for proving the 

appropriateness of the subpixel arrangements. 

To arrange the subpixels in order of the luminance, it was the white 

subpixel W, the yellow subpixel Y, the green subpbcel G, the red and cyan 

subpixel R and Q and the blue subpixel B. 
10 First, white oblique lines having positive and negative gradients were 

displayed on a dark background for the arrangements shown in (a) and (b) of Fig. 

14. The oblique lines had a width substantially equal to the width of a pbcel and 

indinatian angle of the oblique lines was about 45 degrees. Since the 

experimental restdts for the arrangements shown in (c) and (d) can be easily 
15 expected from the results for the arrangements shown in (a) and (h), the 

experiments for (c) and (d) were omitted. 

In this experiment, the two oblique lines for the arrangement shown in 

(a) and (b) was observed to have sli^tly different widths, but it is not an eyesore. 

In addition, picture images displayed by the arrangements were observed to be 
20 excellent 

The above-described experimental results will be analyzed in detail 
with reference to Figs. 15 and 16. 

Figs. 15 and 16 illustrate oblique lines displayed by the subpfacel 
arrangement shown in (a) and (b) of Fig. 14. 
25 Referring to Fig. 15, the arrangement shown in (a) of Fig. 14 arranges 

three brightest subpbcels, ie., white, yellow, and green subpbcels W, Y and G, 
which are enclosed by circles. Accordingly, the width of the positive line, which 
is determined by the green and the white subpbcels G and W as denoted by a 
reference numeral 61, is almost equal to the width of the negative line that is 
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detemuned by the green and the yellow subpixels G and Y as denoted 
by a reference numeral 62. 

On the contrary/ the greerv white, and yellow subpixels G, W and Y in 
the arrangement shown in (b) of Fig. 14 are obliquely arranged as shown in Fig. 
5 16. Therefore, the width of the positive line, which is determined by the green 
or yellow subpixel G or Y and the white subpixel W as denoted by a reference 
numeral 63, is larger than the width of the negative line that is determined by the 
green and yellow subpixels G and Y as denoted by a reference numeral 64. 

The arrangements in a form of 2x3 matrix can be transposed into 3x2 
10 matrix like those shown in Figs. 12 and 13. 

Fig. 17 shows the luminance variation depending on the variation of 
magenta. 

The first column denoted as "Magenta" indicates the thickness of the 
color filter 230 for magenta represented as microns. The magenta color becomes 
15 more as ttie color filter beconnes thick. The second and third columns indicate 
color coordinates x and y and the last column denoted as "LUM" indicates the 
luminaxKe. 

The liuninance is a percentage value with respect to a luminance for a 
2-micron thickness of the magenta filter. The Ituninance is increased up to 
20 about 30% as the amount of the magenta is decreased, that is, the thickness of the 
magenta color filter is decreased. 

The above description may be applicable to any display device such as a 
ligjht emitting diode or plasma display paneL 

The six-color subpixel arrangement may prevent the color error that 
25 appears near edges of the small characters and can reproduce an image that 
approaches the original image. The substitution of magenta with white in the 
above-described six-color arrangement may increase the luminance to increase 
the image quality. 
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In addition, tihe device and the method for converting three-color 
input image signals to six-color output image signals may provide increased 
luminance and concentration to a high quality TV. 

Although preferred embodiments of the present invention have been 
5 described in detail hereinabove, it should be clearly understood that many 
variations and/or modifications of the basic inventive concepts herein taught 
which may appear to those skilled in the present art will still fall within tiie spirit 
and scope of the present invention, as defined in the appended claims. 
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W^ATIS CLAIMED IS; 
[Oaimll 

1. A method of converting image signals for. a display device 
including six-color subpixels, the method comprising: 

5 classif3nng three-color input image signab into maximunv middle, and 

minimum; 

decomposing the classified signals into six-color components; 
determining a maximtun among the six-color components; 
calculating a scaling factor; and 
10 extracting six-color ou^mt signals. 

[aaim2] 

2. The method of claim 1, wherein the three-color signals comprise 
red/ green and blue signals. 

[QaimS] 

15 3. The method of daim 1, wherein the six-color signals comprise 

red/ green, blue/ cyan, magenta, and yellow signals. 
[Claim 4] 

4. The method of daim 3, wherein the decomposition comprises: 
expressing a predetermined number of terms of coordinates with 

20 coeffidents. 

[Claims] 

5. The method of claim 4, wherein the coeffidents comprise first to 
third coeffidents expressed as the maximtun, middle, and minimum, and the 
coordinates are assigned to the six-color signals. 

25 [Claim 61 

6. The method of claim 5, wherein the six-color components 
comprises a first term expressed as a multiplication of the first coeffident and 
first to sixth coordinates, a second term expressed as a multiplication of the 
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second coefficient and the first, second, and sixth coordinates, and a third term 
expressed as a multipUcation of the third coefficient and the first coordinate, 
[COaim?! 

7. The method of claim 5, wherein flie six-color components 
5 comprise a first term expressed as a multipMcation of the first coefficient and first 
to sixth coordinates, a second term expressed as a multipUcation of the second 
coefficient and the sixth coordinate, and a third term expressed as a 
multipUcation of the third coefficient and the first coordinate. 
[Claims] 

j^O 8. The method of daim 6 or 7, wherein the first to the third terms 

are further decomposed into the first to sixth coordinates to be expressed as a 
multipUcation of fourth to ninth coefiSdents and first to sixth coordinates. 
[Claim 9] 

9. The mefliod of daim 8, wherein the calculation of the scaling 

15 factor comprising: 

determining a maximum among the coeffidents; and 
calculating a ratio of the maximum among the fourfti to ninth 
coeffidents and the maximum among the three-color signals to determine the 
scaling factor. 
20 [aaimlOl 

10. The method of daim 9, wherein the scaling factor is equal to or 

larger than one. 

[Qaimlll 

11. The method of daim 10, wherein the extraction of the six-color 

25 signals comprises: 

multiplying the scaling factor to the f oiirth to ninth coeffidents. 

[aaiml2l 

A device of converting image signals for a display device including 
six-color subpixels, the device comprising: 
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a signal controller converting three-color input signals into six-color 
output signals; 

a gray voltage generator generatiiig a plurality of gray voltages; and 
a data driver converting into the six-color signals into data voltages 
5 selected among the gray voltages and suppl3dng the data voltages to the 
subpixels, 

wherein the signal controller comprises: 
a magnitude comparator comparing the three-color signals; 
a decomposer decomposing the three-color signals into six-color 
10 components; 

a scaler calculating a scaling factor based on signals from the 
magnituded comparator and the decomposer; and 

a signal extractor multiplying the scaling fact to the six-color 
components. 
15 [Claim 131 

13. The device of daim 12, wherein the three-color signals comprise 
red/ green and blue signals. 

[Claim 14] 

14. The device of claim 13, wherein the six-color signals comprise 
20 red, green, blue, cyan, magenta, and ydlow signals. 

[Claim 15] 

15. The device of daim 14, wherein the scaling factor is defined as a 
ratio of the maximimi among the six-color components and the maximum among 
the tiiree-color signals 

25 [Claim 161 

16. The device of daim 15, wherein the signal extractor obtains 
increments by multiplying the scaling factor to the six-color components. 

[Claim 17] 
A display device comprising: 
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a pluraUty of pixel arranged in matrix, each pixel including first 
and second sets of three primary color subpixels, 

wherein the subpixels are arranges so that two subpfacds having 
complementary relation is adjacent to each other, 
5 [Claim 181 

18. The device of daim 17, wherein the subpixels are arranged in a 

2x3 matrix or a 3x2 matrix. 
[Claim 191 

19. The device of daim 18, wherein the first set of three primary 
10 color subpixels are arranged in a row or a column, and the second set of three 

primary color subpfacels are arranged in a row or a column. 
[Claim 201 

20. The device of daim 19, wherein a subpbcel having the lowest 
luminance is disposed at a side. 

15 [Claim211 

21. The device of daim 19 or 20, wherein three subpbcels having 
rdatively high luminance are distributed over different rows or columns, 

[aaim22l 

22. The device of daim 21, wherein the three high-luminance 
20 subpixels are distributed over two rows or two columns. 

[Claim 231 

23. The device of daim 22, wherein flie three high-luminance 
subpbcels are arranged symmetrically in a row or column direction. 

[Claim 241 

25 24, The device of daim 19 or 20, wherein two subpixels having 

relatively high luminance are arranged in a diagonal, 
[daim 251 

25. The device of claim 17, wherein the first or the second set of 
three primary color subpbcels indude a white subpixeL 
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[Claim 26] 

26. The device of daim 17, wherein the first set of three primary 
color subpixels include red, green and blue subpixels, and the second set of three 
primary color subpixels include cyan, magenta, and yellow subpixels. 

5 [aaim27l 

27. The device of claim 17, wherein the first set of three primary 
color subpixels include red, green and blue subpixels, and the second set of three 
primary color subpixels include cyan, white, and yellow subpixels. 

[Claim 28] 

10 28. The device of claim 25, wherein the subpixels are arranged in a 

2x3 matrix or a 3x2 matrix. 
[Claim 29] 

29. The device of daim 28, wherein the first set of three primary 
color subpixels are arranged in a row or a column, and the second set of three 

15 primary color subpixels are arranged in a row or a coluixm. 
[Claim 30] 

30. The device of daim 29, wherein the blue subpixd is disposed at 

aside. 

[OaunSl] 

20 31. The device of daim 30, wherein tiie green subpixd is disposed at 

a center. 

[aaim32] 

3Z The device of claim 31, wherein the green, cyan, and yellow 
subpixels have luminance higher than other subpixels. 
25 [Claim 33] 

33. The device of daim 30, wherein the green subpixd is disposed at 

a side. 

[Claim 34] 
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34. The device of daim 33, wherein the green and yellow 
subpixels have luminance higher than otiier subpixels. 



wo 2005/050296^ 



1/14 



PCT/KR2004/003020 




wo 2005/050296 



2/14 



PCT/ECR2004/003020 



FIG, 2 




3/14 



PCT/KR2004/003020 



FIG. 3 



Receive G, B 



^401 



Mx 


= Max(R, G. B) . 




Md 


= Mid(R, G, B) 




Mn 


= Min(R, G, B) 





Decompose into RGBCMY 



-403 



"404 



Determine Max Coefficient 
Determine Scaling Factor 1^405 



ExfractRCBCMY "^406 



wo 2005/050296 



i 

I 



PCT/KR2004/003020 

4/14 



FIG. 4 



1 




X 



wo 2005/050296 . PCT/KR2004/003020 

5/14 




wo 2005/050296 PCT/KR2004/003020 

6/14 



FIG. 6 



(a) 



R 


G 


B 


C 


M 


Y 



G 


R 


B 


U 


C 


Y 



(0 



G 


B 


R 


M 


Y 


C 



wo 2005/050296 



7/14 



PCT/KR2004/003020 



FIG. 7 




wo 2005/050296 



8/14 



PCT/KR2004/003020 



FIG. 9 

45 




wo 2005/050296 



9/14 



PCT/KR2004/003020 




wo 2005/050296 



10/14 



PCT/KR2004/003020 



FIG. 12 



(a) 



R 


G 


B 


(Jb) 


B 


G 


R 


C 


M 


Y 




Y 


M 


C 





C 


M 


Y 




Y 


M 


C 


(0 








(0) 








R 


G 


B 




B 


G 


R 





R 


C 




B 


Y 




G 


M 




G 


U 




B 


Y 




R 


c 
















C 


R 




Y 


B 


(g> 


M 


G 


(h) 


M 


G 




Y 


B 




C 


R 



wo 2005/050296 * 



11/14 



PCT/KR2004/003020 



FIG. 13 



(a) 



G 


R 


B 




B 


R 


G 








(b) 








U 


C 


Y 




Y 


C 


M 



(c) 



M ■ 


C 


Y 


(d) 


Y 


C 


U 


6 


R 


B 




B 


R 


G 



(e) 



G 


M 




B 


Y 


R 


C 


0) 


R 


C 


B 


Y 




G 


M 



(8> 



M 


G 




Y 


B 


C 


R 


(h) 


C 


R 


Y 


B 




M 


G 



wo 2005/050296 



12/14 



PCT/KR2004/003020 



FIG. 14 



B 


G 


R 


Y 


W 


C 



(b) 



B 


R 


G 


Y 


C 


W 



(c) 



R 


G 


B 


C 


W 


Y 



G 


R 


B 


W 


C 


Y 



wo 2005/050296^ 



13/14 



PCT/KR2004/003020 



FIG. 15 




FIG, 16 



63 



wo 2005/050296 



14/14 



PCT/KR2004/003020 



FIG. 17 



Magenta 


Coord. X 


Coord, y 


LUM 


2 


0J27O38285 


0.18711 


100.0 


1.8 


0.3246111231 


0.193028 


101.2 


1.6 


0.322195168 


0.199955 


102.6 


1.4 


0.31979066 


0.208016 


104.3 


0.2 


0.317398796 


0.217345 


106.3 


1 


0.315021374 


0.22807 


108.6 


0.8 


0.312661088 


0.240314 


1115 


0.6 


0.310321722 


0.254181 


115.0 


0.4 


0.308008316 


0.269747 


1119.1 


02 


0-385727265 


0.287G48 


124.2 


0 


0.30348633 


0.306066 


130.4 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/KR2004/003020 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC7 G02F 1/133, G09G 3/36 

According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELPS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
IPC7 G02F. G09F, G09G 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Korean Patents and applications for inventions since 1975 



Electronic data base consulted during the international search (name of data base and, where practicable^ search terms used) 
NPS: "cyan", "magenta", "yellow" 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where ^propriate, of the relevant passages 


Relevant to claim No. 


X . 


JP 9-25 1160 A ( Fuji Xerox Co. LTD.) 22 September 1997 
*the whole document* 


17-19, 26 


A • 


JP 11-202318 A (Joshiba Coip.) 30 J)^^ . . ' 
*the whole docunienf^ 


1.7 \ ■ 


A 


* JP 2000-356768 A (Matsushita Electric Ind. Co. LTD.) 26 December 2000 
*the whole document* 


17 


A 


JP 1 1-272244 A (Toshiba Coip.) 8 October 1999 
*the whole document* 


17 



I I Further documents are listed in the continuation of Box C. 



[X I See patent family ann^ 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not considered 

to be of particular relevance 
"E" earlier application or patent but published on or after the mtemational 

filing date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of citation or other 
special reason (as specified) 
'*0" document referring to an oral disclosure, use» exhibition or other 



"P" document published prior to the international filing date but later 
than die priority date claimed 



'T" • later document published after the international filing'date or priority 

date and not in conflict with the application but cited to understand 

the principle or theory underlying tin invention 
"X** document of particular rdevanoe; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive 

step when the document is taken alone 
"Y" document of particular relevance; the claimed invention cannot be 

considered to involve an inventive stq) when the document is 

combined with one or more other such documents^uch combination 

being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the mtemational search 
27 JANUARY 2005 (27.01.2005) 


Date of mailing of the mtemational search report 

28 JANUARY 2005 (28.01.2005) 


Nameand mailing address of the ISA/KR 

^ViBjk^ Korean Intellectual Property Office 
W 920 Dunsan-dong, Seo-gu, Daejeon 302-701 , 
JV" Republic of Korea 

FacsunileNo. 82-42-472-7140 


Authorized ofScer 

KOH,JongWook fftl^^^ 
Telephone No. 82-42-481-5989 ^y!^^^ 



Form PCT/lSA/210 (second sheet) (Januaiy 2004) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members ' 



IntemationBl application No. 
PCT/KR2004/003020 



Patent document 
cited in search report 



Publicatiai 
date 



Patent femily 
member(s) 



Publication 
date 



JP 9-251160 A 
JP 11-202318 A 
JP 2000-356768 A 



22-09-1997 
30-07-1999 
26-12-2000 



None 

None 

CN 1347516 T 

KR 10-2001-109333 A 

TW 573161 B 

US 6774963 B1 

WO 2000621?0 A1 



01-05-2002 
08-12-2001 
21-01-2004 
10-08-2004 
19-10-2000 



JP 11-272244 A 



08-10-1999 



None 



Fonn PCT/ISA/210 (patent family annex) (Januai7 2004) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the origind 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ black BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

±ED TEXT OR DRAWING 
RRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
0^FERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (usfto) 



